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Momentum aperture scan

Phase rotation at Booster extraction

RF function

Frequency separation

Frequency function

Two batches injection and slipping
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Plan

Synchronize two batches re-capture

Optimize RF function
® Frequency separation
® Emittance preservation during
acceleration and deceleration
® Re-capture voltage, angle and phase

High intensity beam injection with Booster damper

Beam loading effects
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STABILITY OF PHASE OSCILLATIONS UNDER TWO APPLIED FREQUENCILES

F.E. Mills
June 2, 1971

S

""--\..____\_-\_-_\_-1--‘--_________
Abstract

Stability criteria are developed for the stability of motions of
particles in a bucket while subjected to an acceleration voltage at small
frequency difference Av. The motion is stable if Ay » 10v, where vg 1s
the phase oscillation frequency. This is essentially the same criterion
as that the buckets not touch.

I. Iptroduction

We would like to investigate the stability of particle motion in
nearly stationary rf buckets when subjected to a neighboring rf frequency.
Intuitively we surmise that the particles in a bucket are subjected to,
primarily, the difference frequency of the two rf éyatams, and that since
the perturbing voltage appears at all phases, resonances will appear in
the phase oscillations when Av = nv_, where Av is the difference frequency,
Vg is the phase oscillation frequency and n = 1, 2, ---, Clearly n =1
corresponds to the excitation of coherent phase oscillations, n = 2 to bunch
shape type oscillations (or half integral resonance), n = 3 and higher to
the type of resonances which determine limits of stability of motion. We
note further that the frequency of phase oscillations decreases with ampli-
tude, so that if a stability criterion is found for small amplitude motion,
larger amplitude will be more stable, for a given frequency difference. The
purpose of this note is to estimate the stopband widths associated with these

resonances,
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jltsneous acceleration of several bemme in the
na by several FF fialds of slightly diffarent
s was already considered a long time ago!r2).
Yotace at differenc fregquencies, the bunches
rlodicslly coincide in azimuch, chus producing
FFhigh local line density. Bunmches rotating at
cies can be produced either outside
(a.g. in the injector) or even inside by

¢ modulation of the BF cavities. Thess tech-
11 be used in cthe p~p project at CERN. A high
'1.'1 proton bemm, necessary for amtiproton pro—
‘i cbtained in the CPS by azimuthal combina=-
[ther at the injection or at the ejection level.
hand, the smtiproton bunches in the 5FS
nthally combined before storage in order to
design luminosity. Computer simulation md
tions of these procedures, =8 well as experi-
- ts already obtained at che CPS, are pre-

b behaviour when submitted to two RF waves

gssume that two sets of bunches, called B; and
wing different energies are circulating in the
--_'-5. ne. Each besm is hopefully held bunched by
Il' wave of fraquency £, £; respectively. The
is to see whether bunches By feel only the
. £; and vice-versa. Intuitively we know that
At qmz:r difference is large the freguency f;
-':l‘m being synchronous with bunches By and its
will be small. More precisely the total RF wave
considered as the wave f; strongly modulated in

4 00T modulation) at the difference
: fuifs,-1 From this, one axpects a large
q = &fff. (£g: synchrotron fre-

ey, mrﬂipﬂndlng to one wmu} Tecomes of the ordar
mity. It has been shown?) that m mpproximate com-
son. for beam independence is that the buckets do mot
which, fo tationary buckets, corresponds to
Ilitim A computer simulation has been

o order Lo evaluate the bunch distorcioms as s
ion of o and the bunch size?). The bunch is

d to be matched at the beginning of cthe process.
1 shows a cypical case a = 4, for various bumch
The condition o = 4, already mentioned, does

s

1: PRODUCTION OF BEAMS WITH HIGH LINE-DENSITY BY ﬂm;‘k\\

\ COMBINATION OF BUNCHES IN A STNCHROTROM _,.-

— D. Boussard” and ¥. Mizumachi**

Estimates for much longer drifting pericds have
besn cbtained in an experiment om the SPS machine, Om
a 10 GeV/fe "flat bottom" two EF cavities were used to
hold the bunches (almost full buckets) at fraquency f;,
while the third cavity was powered at frequency f3.
Bunch emittance was sstimated from che height of a wide
band pickup eleccrode signal. Small h‘.l.%g afcag 50
synchrotron periods is obtained for a = 5.6, whila for

ars clearly after

a few periods.

2. Combination of two bunches

When drifting the two sets of bunches periodically
coineide in aszimuth, which doubles the. local line den=
sity. This high line demsity besm can be used directly,
for instance to produce short and intense bursts of
sacondary particles (f) after fast sjection. The bunch
pairs can also be combined in a single large bucker at
a frequency (f; + £3)/2. Here, the critical parsmecer
is the final besm emittance. Minimum blow—up requires
a small frequency separation and relatively small bunch
distortion, which are unfortunately two comtradictory
requirements .,

a) First example, (PS inj-u:i:g_"-”

Bunches B3; are produced in ome CPS booster rimg (or
poasibly by two CPS booster rings vertically recos
bined*)) whose RF frequency iz set to f;. A group of
five CPS cavities is drivenm by f;, with the proper phase
and amplitude te match bunches By. Bunches By coming
from another booster ring are trapped in the same way
(5 cavities, f;). Bunches B; and By are separated by at
least one RF period and musc drifc by 5(+1,-0) EF per-
igds to be superimposed. As the bunch ares to bucket
area ratio is small (8 mrad/18 mrad) cthe sxpected bunch
distortion fs little. By counting sm integer number of
paricds of the difference frequency f; - f;, one gener—
ates a trigger pulse which starts the combination. All
ten RF cavicies are then comnectad to the normal phase
loop system and their volcage sec to the maximum (20 kV)
to provide maxioum acceptance (v 50 mrad). In order to
avoid phase trmsients, the phase lock system is pre-
synchronized on £y during the drifting period. If fra=
quencies £, and £; are held conscant the two besms
spiral inwards because of the rising magnetic fiald
which limits a to about 5. They can aleo be programmed
to give no radial displacement which allows more flexi-
bility.

T Y = Y | TORTE T T—r—T ¥ - S M S e S -
=T [ & o R P e T 1.
.,. W o SRS WL
# TS FTATE T N ArAtREETRRE FTTTES
Y [ T E

s 5

USRI, TSR [ it [

CERN, F-01631 CERN CEDEX, Framce
Visitor co (ERN from KEK, Japan

Fig. 1 = Bunch distorcion during drifring (a = 4)
(concentric lines correspond to various bunch sizes)
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@MI Injection (with damper)
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